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(57) Claim

1. A process for the recovery of usable gas from garbage

by pyrolysis, in which the garbage is pressed into

briquettes, pellets or granules in a size of from 1 to

50mm, the pellets or granules are brought to a dry

substance content of at least 75% and subsequently placed

in a heated smoldering drum in which partially burned gas

is generated and separated from the residual substances,

and in which the partially burned gas is transformed into Ηί

fuel gas in a gas converter by mixing with air and passing I

over a coal bed, wherein the garbage is separated into a

wet vegetable fraction and a light-weight fraction, in

which the light fraction is thereupon pressed into ,

•r *briquettes, pellets or granules and passed into tfo« 'a
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smoldering drum and the wet fraction is fed to a biogas

installation for methane gas formation.

9. An installation for the execution of the process 

according to any of claims 1 to 8 with a garbage 

comminution arrangement, with a drying arrangement and an 

indirectly heated smoldering drum which is provided with a 

substantially gastight inlet, with an outlet for solid 

residual substances and with a partially burned gas 

discharge line, wherein for separation of the wet fraction 

from the light fraction there is provided a sorting 

arrangement, ir which the biogas installation is connected 

to an outlet for the vegetable wet fraction and there is 

connected a device for granulating and heating the garbage 

to an outlet for the light fraction, after which there 

follows the smoldering drum for generation of partially 

burnt gas . -
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(54) Bezeichnung: VERFAHREN ZUR RUCKGEWINNUNG VON VERWERTBAREM GAS AUS^SlX I 

(57) Abstract

Process performed by pyrolysis in which the re
fuse is pressed into pellets or granules having a size of 
1-50 mm, the content of dry matter in the refuse being 
brought to at least 75%, after which it is fed into a heat
ed low-temperature carbonization drum (16), in which 
low-temperature carbonization gas is produced and is 
separated from the residual matter such as ash and 
Other fine material. The low-temperature carbonization 
gas produced is decomposed into combustible gas in a 
gas converter (19) with the admixture Of air and in the 
presence Of a red-hot coal bed. The refuse is first sepa
rated into a vegetable wet fraction and light fraction.
The latter is then pressed into briquettes, pellets or gra
nules and degassed by pyrolysis and the wet fraction is 
fed to a bio-gas plant (13) for the production of me
thane gas.

(57) Zusammenfassung

Bei einem Verfahreh zur Riicfcgewinnung von verwertbarem Gas aUs Mall durch Pyrolyse wird der Mail zu Pellets 
Oder Granulaten in cine Grftsse von 1-50 mm gepresst, auf einen TrOckensubstanzgehalt von mindestens 75% gebracht Und 
anschliessend in eine beheizte Schweltrommel (16) eingebracht, in der Schwelgas erzeugt und von den Reststoffen, wie 
Asche und anderen Kleinteilen, abgetrennt wird. Das erzeugte Schwelgas wird in einem Gaswandler (19) unter Zufuhr von 
Luft und in Gegenwart eines giahenden KOhlebettes in Brenngas zeriegt. Der Mall wird vother in eine vegetabile Nass
fraktion und eine leichtgewichtigere Leichtfraktion getrennt, wobei die Leichtfraktion anschliesend zu den Briketts, Pellets 
Oder Granulaten gepresst und durch Pyrolyse entgast und die Nassfraktion einer Biogasanlage (13) zur Methangasbildung 
zugifahrt wird.
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Process for the recovery of usable gas from garbage

The present invention relates to a process for recovering 

usable gas from garbage by pyrolysis, in which the garbage is 

pressed into pellets or granules in a size of 1-50 mm, pre

dewatered to a dry substance content of at least 75% and 

thereupon brought into a heated smoldering drum, in which 

partially burned gas is generated and separated from the residual

substances, such as ash and other small parts, and in which the

partially burned gas generated is, rooolved into fuel gas in a gas
by mi-Acq F*<\ssiiV} oVero,

converter | with feed--of air and presenco of a glowing.|coal

bed.

A process of this type and an installation for it are
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described in German unexamined patent specification DE-Os 33 47

554 .

By this process, without particular burdening of the

environment, usable gas is recovered from the garbage, in which

operation in particular no especially costly problems arise in

respect to the waste-water treatment, although the high ammonium

eoRstituont ^in the waste water is undesired. Simultaneously 
vs

thereja relatively good efficiency Xs. achieved, it being possible 

to arrive at an energy excess of 50% and more.

The core of the process there is formed by a low- 

temperature pyrolysis in a smoldering drum. There the gas 

recovered, which is after-treated in subsequent processes, is 

used for the drive of gas turbines and gas motors. The low- 

temperature smoldering of the waste substances is performed with 

considerable exclusion of air in a temperature range under 600°, 

in order inter alia to prevent a gasification of the heavy metals 

present in the garbage and a following heavy metal oxidation, 

since heavy metal oxides are no longer recyclable and thereby 

cause damage to the environment. The pyrolysis in the 

temperature range mentioned has the result, however, that in the 

pyrolysis residual substances there remains a high carbon 

constituent which hitherto was withdrawn from any use for energy. 

If in the garbage there is present a high constituent of 

vegetable matter, then the carbon constituent in the pyrolysis 

residual substance can amount to up to 40% by wt. In house 

garbage pyrolysis the carbon constituent lies at ca. 18%. It is

f
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also disadvantageous that the vegetable substances have a high 

water content, which can amount on the average to more than 50%. 

Since they heating value of these vegetable matters is very low 

and the primary energy content present in this vegetable fraction 

cannot be fully used by a low-temperature pyrolysis, these 

vegetable substances also have a negative effect on the total 

energy recovery in the working up of garbage.

Underlying the present invention, therefore, is the 

problem of improving the process described at the outset so that 

with retention of a low-temperature pyrolysis the resulting 

energy recover from it is again improved and there occurs also a 

further improvement of the waste-water problems with respect to 

the ammonium constituent.

According to the invention this problem is solved by the 

means that the garbage is separated into a,vegetable wot· fraction 

and a ^lighter-weight— Light fraction, the light-^fraction being 

thereupon pressed into the briquettes, pellets or granules and 

degasified by pyrolysis and the wet fraction being fed to a 

biogas installation for methane gas formation.

Through the sorting out and separate processing of the 

garbage there can be achieved a further increase of the energy 

recovery. The separated light fraction, which is substantially 

poorer in water than the wet and therewith heavier vegetable 

fraction, can be treated in a conventional manner by the low- 

temperature pyrolysis, in which tho-ugh the known preceding water 

press-out and evaporation can be processed into granulate with a
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rule dry-substrate value of 85%. Thereby there is increased 

substantially the heating value of the pyrolysis pure gas.

The sorted-out vegetable substances, by reason of their 

high burdening with heavy metals, are no longer suited in general 

for a composting. According to the invention this vegetable wet 

fraction, however, is worked up in a biogas installation 

bacterially into a multistage fermenter by means of corresponding 

bacteria biologically into methane gas. As is well known, under 

air exclusion from organic substances by fermentation there 

arises a methane-containing gas, which can likewise be used for 

the drive of a gas turbine or of a gas engine.

Theoretically, the recovery of methane gas from vegetable 

substances by a biogas installation is already known, but it was 

hitherto uneconomical. In association with a low-temperature 

pyrolysis, however, it leads to an unexpected improvement of the 

entire installation. Thus, no excess water arises from the 

garbage. The constituent present is fully transformed into water 

gas in the gas converter. Harmful substances present are 

concentrated in the wash water, only a part of them having to be 

replaced.

Through the fact that the heat arising in the lower- 

temperature pyrolysis can be fed to the biogas installation, 

which has a corresponding heat requirement, its efficiently is 

clearly improved.

Thus, for example the pyrolysis residual substance arising 

from the smoldering drum in the pyrolysis can be introduced into



the biogas installation. Besides the heat gain, in this manner 

the carbon constituent contained in the pyrolysis residual 

substance can be worked up conjointly in the methane gas 

formation.

As biogas installation there can be used a phase-separated 

biogas installation (acid, acetic-acid, methane phase).

It is also advantageous when in the granulation and/or 

drying of the light fraction, evaporation-vapor condensate 

occurring is introduced or admixed into the hydrolys;is stage for 

the leaching-out of the biological substances. In this manner 

the high temperature of the evaporation-vapor condensate is used 

for the preheating in the biogas installation. Also there occurs 

thereby a biological working-up and energetic co-use of the 

ammonium constituent contained in the evaporation-vapor 

condensation, which can amount to up to ca. 200 g/m3 and is 

undesirable in a lead-off in drainage systems because of is 

concrete-disintegrating effect.

In further development it can be provided that the wash-water 

concentrate which arises in the washing, filtering and cooling of 

the pyrolysis gas, is brought into the biogas installation, in 

which case the organic components of the wash-water concentrate 

likewise serve as fundamental substance for the bacterial methane 

gas formation.

The wash-water concentrate contains besides phenols 

further organic substances that can be used for the meeting of 

the heat requirement of the biogas installation and for its
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energetic utilization. Furthermore, the sludge-like wash-water 
concentrate contains bacteria which can accelerate in this manner 
the methane gas formation.

According to the invention it can be further provided that 
the residual substances remaining after the biogasification are 
admixed to cupola furnaces for metal refining.

The residual substances have a high content of unoxidized 
heavy metals or heavy metal compounds and mineral or inert 
substances which can be used in casting production or steel 
refining. In this way also these residual substances can be 
further used and a possible burdening of the environment can be 
avoided. The same holds for the pyrolysis residual matter, 
which—as mentioned—is supplied to the biogas installation. 
Likewise it is also possible to clear and gasify settling sludge 
from foreign deposits or installations by the biogas 
installation. To this there can be admixed the settling sludge 
(Klarschlamm) of the biogas installation, for example of the 
hydrolysis stage. The same holds for raw compost.

The essential advantages of the process of the invention 
lie in that:

1) The summarized gas yield of one ton of house garbage ' 
corresponding to the statistical mean value of its chemical and 
physical composition can amount to more than 850Nm3 of gas with a 
heating value of more than 4,250 MJ.

2) Only 250 kp per ton (dry substance Value) of no longer 
decomposable or not yet fully decomposed substances remain. The

4
11
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residual substances are biologically stable, i.e., under normal 

conditions not further decomposable in nature. They can be 

brought to a dump (Deponie) or, because of the high heavy-metal 

content, worked up again, which can occur, for example after 

suitable pretreatment by an admixture into the steel melt for 

steel improvement.

3) Only ca. 250 liters per ton of house garbage waste 

water with substantially reduced ammonium content have to be 

conducted to a preflooder or to a settling installation.

4) There is assured a highly environment-friendly waste 

elimination with simultaneously optimal energy utilization of the 

primary energy contained with the waste substances.

Because of the loss in transport of the pyrolysis residual 

substances, as well as of the wash water concentrate from the 

wash of the pyrolysis installation it is not absolutely 

necessary, either, that the biogas installation be located at the 

same location. The biogas installation may, for example, be set 

up at the garbage-sorting and granulating plant, preferably for 

its energy supply and operated there.

Pyrolysis installations that are driven with the granules 

of the invention should preferably be set up and operated at the 

location of a prospective heat consumer. There the vehicles 

which deliver granules can transport on the return trip pyrolysis 

residual substances and circulation water concentrate to the 

granulating apparatus and to the biogas installation for use

■. t

ί !
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In the following, with the aid of the drawing, there is 

described, in principle with the aid of

a flow diagram an example of execution of the invention from 

which further features and advantages of the invention will be 

evident.

The garbage to be worked up arrives over a conveyor belt 1

into a preliminary breaker 2 for coarse comminution. The 
Ί.

preliminary breaker^may be, for example, a hammer mill. Over a 

conveying chute 3 and a further conveyor belt 4, on which scrap 

metal is separated off by a magnetic separating arrangement 5, 

the garbage passes onto a sorting arrangement 6. The sorting 

arrangement 6 may be, for example, a comb-roller separator with 

rotating rollers, in which the heavier .vegetable fraction

falls into a container 7 lying underneath. The^lighteor-weight
fraction is fed at the end of the sorting arrangement for 

treatment in a pyrolysis process over another conveyor belt 8 to 

a further comminution arrangement 9. There again a heavy matter 

fraction is led off in correspondence to the arrow 9A. The 

comminution arrangement 9 has a hydrocyclone 10 connected to its 

outlet side, in which again heavy parts are separated off, which 

over a line 11 together with the wet fraction are fed over a feed 

line 12 to a biogas installation 13. From the hydrocyclone 10 

the light fraction passes into a thermo-worm press 3.4, in which 

the light fraction is reduced by frictional. pressing at ca. 110

150°C into granules of a size of ca. 1-50 mm. The functioning of 
............. / ί . ; ■
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arrangements, engaged on outlet side of the low-temperature 

pyrolysis correspond essentially to the arrangements as they are 

described, for example, in German unexamined patent specification 

DE-OS 33 47 554. The granulates pass over a cell-wheel sluice 15 

into a smoldering drum 16, in which at temperatures of 450-600 °C 

a partially burned gas is generated in a known manner, which is 

fed over a discharge line 17 and a dust-separating arrangement 18 

to a high-temperature gas converter 19. In the high-temperature 

gas converter 19 there takes place the working up and 

transformation of the partially burned gas over a coal bed. A 

gas converter of this type is described, for example, in German 

unexamined patent specification DE-OS 33 17 977. The worked-up 

gas, after passage through a heat exchanger 20, a water spray 

tower 21, a blower 22 and another purification cyclone 23 passes 

over a drop separator 24 and a gas line 25 to a gasometer 26. 

The gasometer 26 is generally necessary for the compensation of 

gas fluctuations. On delivery of too much gas, over a shunt line 

27^ the excess gas can be fed to a flaring arrangement 28. From 

the gasometer 2 6 the gas passes to a gas motor 29 which is 

connected with a generator 30. Over a waste-gas line 31 the 

burnt waste-gases are conducted into a chimney 32.

Over a line 33 the gas converter 19 receives water and 

over a coke input 34 coke. Ashes are discharged over a discharge 

line 35. To save energy there can also be provided a coke return 11

5.

* A.
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for the smoldering drum 16. During the starting phase an oil 

burner 39 serves for the heating of the smoldering drum. Later, 

in continuous operation the heat requirement needed for the 

smoldering drum can be covered exclusively over the burner 38.

The wash water occurring in the gas purification passes 

into a wash-water tank 40 and thereupon into a filtering 

arrangement 41. Separated solids in the filtering arrangement 41 

pass over a line 42 into the ash container 43, into which there 

are brought also the ashes from the gas converter 19. Over a 

discharge line 44 the residual substances from the ash container 

43 are led off and over an entry system, preferably over a cell- 

wheel sluice 15, brought back into the smoldering drum 16. This 

return has the advantage according to the invention that 

polycyclic aromatic hydrocarbons, for example fluoranthene, 

pyrene, benzo-a-anthracene, chrysene, which can be formed in the 

incompletely burned gas cracking process in the gas converter and 

are bound mainly to the solid substance particles of the 

separated filter cake from the gas wash filtering installation 

41, are again split open into compounds of lower molecular 

weight, while the remaining solids are separated over the dust- 

separating arrangement and the other pyrolysis residual exit 

substance 55 to a predominant proportion out of the pyrolysis 

process circulation. Simultaneously hereby the solid-substance 

discharge from the pyrolysis installation, requiring a 

monitoring, is concentrated on a single place. The purified wash
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line 45 after passage through a cooling tower 46 back into the 
spray tower 21. A part of the purified wash water is conducted 
into a wash-water neutralization installation 47, into which over 
a line 58 there is conducted the vaporization steam condensate

VJtsrrCfrom the thermo-^wefsa- press 14 insofar as it cannot be preferably
fed over the line 65 to the preliminary container 53 of the
biogas installation. From the wash-water neutralization
installation 47 the wash water passes into a circulation water 
change treatment installation 48. In known manner there occurs 
the chemical purification of the wash water by suitable chemicals 
that are sent over lines 49 into the treatment installation 48.
As chemicals for this there are used, for example, NaOH, H2O2
H2SO4, etc. ' Over a circulation line 50 the wash water is 
conducted through an air filter 51. for the removal of foams, in 
which process waste gases are led off over a line 52 through the 
chimney 32.

The chemically and mechanically purified water passes from 
the circulation water charge treatment installation 48 over a 
line 52 into a preliminary container 53 for the biogas 
installation. Into the preliminary container 53 there pass over 
the line 12 the wet vegetable substances. Likewise there can be 
added into the preliminary container as needed settling sludge, 
raw compost or the like. This is indicated by the "arrow 54". 
The pyrolysis residual matter, which contains a high carbon 
constituent, passes over a line 55 (see in the figure to the 
right and left outside) likewise into the preliminary container
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53. The carbon constituent in the pyrolysis residual matter can 
be worked up in general to more than 80% biologically for the 
methane gas formation.

As is evident, also the evaporation vapor condensate is 
brought over the line 65 directly or else after passage through 
the circulation water change treatment 48 and the line 52 into 
the preliminary container 53. In the evaporation vapor 
condensate there are likewise contained phenols and/or other 
hydrocarbons that can be processed biologically. Likewise, the 
evaporation vapor condensate has a relatively high constituent of 
ammonium and can therewith be conducted advantageously as 
hydrolysis substance to the biogas installation.

From the preliminary container 53 the substances to be 
worked up in the biogas installation 13 pass into a hydrolysis 
stage or hydrogenator 56. Upon the hydrolysis stage 56 there 
follows a large-volume counterflow heat exchanger 57, which 
receives its heat through a warm water line 62 which branches off 
from the cooling tower 46 of ,the wash-water purification 
installation brings the substrate to the temperature of 22”C 

advantageous for the biogasification in the entry zone into the 
first phase of the fermenter (biogas installation). In the 
rotting space bottom 67 a tube coil heating system p supplied 
from the warm water line 62 provides for a temperature rise .in 
the methane range of the rotting space from 33-37°. In this 
manner the excess heat from the pyrolysis installation is used 
for the biogas installation 13. Also in the wash water supplied

! ‘
t



13

over the line 52 there is still some thermal energy which is 

likewise of use in the biogas installation and decisively 

improves the economy of the biogas installation, since 

conventional biogas installations without a heat exchange use up 

as much as 50% of the energy carriers generated by them in winter 

to cover their own hec't requirement.

The biogas installation 13 is constructed in a usual 

manner. It may be a phase-separated biogas installation, in 

which in the middle shaft 63 there prevails in the upper zone a 

normal acid phase, while in the lower range· there is present an 

acetic acid phase. Around the middle shaft on the outside there 

lies the methane gas phase,' which by reasons of construction 

assures the strict absence of oxygen, since the oxygen 

decomposition has already occurred in the acid zone. The 

resulting methane gas is drawn off over a methane otas line 59 and 

is fed over a buffer 60 and a compressor 61 to the gas line 25 or 

the gas-washing installation of the pyrolysis installation for 

H2S purification if need be. The fermentation residue from the 

fermenter (biogas installation 13) is discharged with ca. 4% dry 

substance through floating suction lines 66 and fed to a 

preliminary dewatering arrangement 68 and thereby brought to ca. 

20% dry substance. The solid substances contained in the 

fermentation residue are brought over a drying press 69 to ca. 

85% dry substance, the remaining fermentation water collected in 

a lagoon 70 and, if need, be conducted to the treatment 

installation 48 or directly to the drainage system.
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The substances separated off in the circulation-water 

change treatment installation 48 pass over a line 64 to a 

settling installation.
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The claims defining the invention are as follows:

1. A process for the recovery of usable gas from garbage 

by pyrolysis, in which the garbage is pressed into 

briquettes, pellets or granules in a size of from 1 to 

50mm, the pellets or granules are brought to a dry 

substance content of at least 75% and subsequently placed 

in a heated smoldering drum in which partially burned gas 

is generated and separated from the residual substances, 

and in which the partially burned gas is transformed into 

fuel gas in a gas converter by mixing with air and passing 

over a coal bed, wherein the garbage is separated into a 

wet vegetable fraction and a light-weight fraction, in 

which the light fraction is thereupon pressed into 

briquettes, pellets or granules and passed into the 

smoldering drum and the wet fraction is fed to a biogas 

installation for methane gas formation.

2. A process according to claim 1, wherein the pyrolysis 

residual matter arising in the pyrolysis in the smoldering 

drum is brought into the biogas installation.

3. A process according to claim 2, wherein the biogas 

installation is a phase-separated biogas installation.

4. A process according to any one of claims 1 to 3, 

wherein the evaporation vapor condensate arising in the 

granulation and/or drying of the light fraction is 

introduced or admixed in a preliminary container or Into a 

hydrolysis stage for leaching out of biological substances.

5. A process according to any one of claims 1 to 4, 

wherein the filter cake— that is the solid substances 

separated out in a filtering arrangement in the filtering

• »«··'% ■·
./ ~ V
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of the pyrolysis gas—is brought into the smoldering drum 

for splitting of polycyclic aromatic hydrocarbons from the 

solid substances.

6. A process according to any one of claims 1 to 5, 

wherein the concentrated wash-water that arises in the 

washing, filtering and cooling of the pyrolysis gas, is 

brought into the biogas installation and organic components 

of the concentrated wash-water serve as an organic feed for 

bacterial methane gas formation.

7. A process according to any one of claims 1 to 6, 

wherein residual substances remaining after biogasification 

are fed to cupola furnaces for steel refining.

8. A process according to any one of claims 1 to 7, 

wherein settling sludge and/or raw compost is brought into 

the biogas installation.

9. An installation for the execution of the process

according to any of claims 1 to 8 with a garbage 

comminution arrangement, with a drying arrangement and an 

indirectly heated smoldering drum which is provided with a 

substantially gastight inlet, with an outlet for solid 

residual substances and with a partially burned gas 

discharge line, wherein for separation of the wet fraction 

from the light fraction there is provided a sorting 

arrangement, in which the biogas installation is connected 

to an outlet for the vegetable wet fraction and there is 

connected a device for granulating and heating the garbage 

to an outlet for the light fraction, after which there 

follows the smoldering drum for generation of partially 

burnt gas. ‘
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'10. Process according to claim 9, wherein in condensate 

from the device for granulating and heating the garbage

! passes to a preliminary container either directly and/or

via a wash-water neutralisation installation.

5 11. A process for recovery of usable gas from garbage by

pyrolysis substantially as hereinbefore described with 

reference to the accompanying drawings.

12. An instalation for recovery of usable gas from garbage 

by pyrolysis substantially as hereinbefore described with

10 reference to the accompanying drawings.

DATED AUGUST 14, 1989
PKA PYROLYSE KRAFTANLAGEN GmbH
By Their Patent Attorneys

KELVIN LORD AND COMPANY
PERTH, WESTERN AUSTRALIA.

• ft• ft ft
ft· ft • ft

• ·· 15

• · ·• · · • ft*> ·

• · «• · «• · · ·

:·. 20• ft ft ft » ftft ft ft
ft ft ft

ft ft ft ft ft ft• ••ft 25

17

4

L

4 1 
1



18

ABSTRACT

Process for the recovery of usable gas from garbage

In a process for the recovery of usable gas from garbage 

by pyrolysis the garbage is pressed into pellets or granulates in 

a size of 1-50 mm, brought to a dry substance content of at 

least 75% and thereupon introduced into a heated smoldering drum 

(16), in which partially burnt gas is generated and separated 

from the residual substances, such as ashes and other small 

parts. The generated partially burnt gas is resolved in a gas 

converter (19) under feed of air and in the presence of a glowing 

coal bed, into fuel gas. The garbage is previously separated 

into a vegetable wet fraction and a lighter-weight light 

fraction, the light fraction thereupon being pressed into the 

briquettes, pellets or granulates and degassed by pyrolysis and 

the wet fraction being fed to a biogas installation (13) for 

methane gas formation.
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